Background {#Sec1}
==========

People aged 65 years and older are the age group mostly affected by falls and their subsequent negative health consequences \[[@CR1]--[@CR3]\]. Approximately 25 to 35 % of them have had one or more falls per year \[[@CR2], [@CR4]\]. A fall is defined as "an unexpected event in which the participants come to rest on the ground, floor, or lower level" \[[@CR5]\]. Falls significantly affect mortality, morbidity and quality of life as well as health care costs among the aging population \[[@CR1], [@CR6]--[@CR11]\]. Falls are also one of the main causes of physical injuries \[[@CR4], [@CR12], [@CR13]\], are a frequent causal factor for hospital admissions \[[@CR14]\] and are additionally a precipitator for institutional long-term care admissions \[[@CR15], [@CR16]\]. The rates of falls and the outlined associated negative consequences are twice as high for persons over 75 years of age \[[@CR17]\].

One determining factor influencing the severity of fall consequences in older people is the amount of time spent lying on the floor or ground \[[@CR18], [@CR19]\]. This is particularly critical when a person cannot call for help, for instance when she/he has lost consciousness or is alone when the fall occurred. Even when uninjured, 47 % of people who have experienced a fall were unable to get up after without help \[[@CR20]\]. Lying on the floor due to a fall event for one hour or more is defined as a "long-lie" \[[@CR21]\]. Experiencing a "long-lie" event is associated with serious injuries, higher mortality rates and hospital admissions, as well as consequent care home admissions \[[@CR18], [@CR19], [@CR22]\]. 13 % \[[@CR21]\] to 20 % \[[@CR23]\] of older people admitted to a hospital due to a fall have experienced a "long-lie" event. In order to avoid this and ensure prompt assistance, early fall detection is vital among community-dwelling older people. A fall detection system could be defined as a system which detects falls and alerts a designated person or emergency services, in order to facilitate rapid assistance \[[@CR24], [@CR25]\]. A fall detection system could prevent or limit impairment and subsequently allow preservation of activities of daily living. Although the literature outlines a variety of fall detection systems \[[@CR25], [@CR26]\], minimal and faulty use of fall detection systems in community-dwelling older people has been reported \[[@CR18], [@CR27]--[@CR32]\]. Hence, it seems that the target users, older people, struggle with the usability of available fall detection systems in their daily lives \[[@CR18], [@CR27], [@CR32]\].

In order to provide fall detection systems which meet the needs and expectations of older people, user involvement should be applied to the different stages of development of the system, as is described with other health-related technologies \[[@CR33]\].

The process of user involvement is relevant because it facilitates the development of technology that is «need-driven» and «not technology-driven» \[[@CR34]\]. It enables a better understanding of the process of the interaction and the surrounding context between technology and its users \[[@CR35], [@CR36]\]. User involvement may help to ensure that preferences are considered from the beginning of the development process \[[@CR33], [@CR37], [@CR38]\], and may therefore improve the level of acceptance of the users \[[@CR39]\]. It might facilitate short- and long-term usage and hence decrease costs and the need for redesign at a later time \[[@CR38]\]. Additionally, it might increase sales, decrease training costs and decrease user support \[[@CR39]\].

Currently, an overview of the nature and extent of published research regarding the involvement of older people in the development, testing and/or evaluation of fall detection systems is lacking. Recent literature reviews have focused on the technical aspects of available fall detection systems or on the views of older people, carers and health professionals regarding benefits or challenges of fall detection systems and aspects related to their implementation \[[@CR24]--[@CR26], [@CR40], [@CR41]\].

Therefore, the aim of this scoping review is to identify the state of research involving older people in the development of fall detection systems. The research question is: What is the nature and extent of user involvement of people 65 years of age and older, in the development, testing and/or evaluation of fall detection systems?

Methods {#Sec2}
=======

To answer the research question a scoping review was undertaken. A scoping review is a particularly suitable type of literature review for gaining a comprehensive overview of the research field of interest \[[@CR42], [@CR43]\]. A scoping review differs from a systematic review in that a scoping review does not aim to assess the effectiveness of an intervention; instead it aims to assess the feasibility of a systematic review and to guide for future research. A scoping review also aims to map the nature and extent of research activities and provides a rigorous and transparent methodology \[[@CR43]\]. It provides a descriptive overview of the analysed articles without critically appraising the quality of the included studies \[[@CR44]\]. Five stages are characteristic for a scoping review \[[@CR42], [@CR43]\]. Stage one refers to the identification of the research question (see above). Stages two to five comprise the process of the literature search and conclude with the reporting of the results. They were carried out as follows:

Stage 2: Identifying relevant studies {#Sec3}
-------------------------------------

A systematic literature search was conducted between May and July 2014 across nursing, medicine and engineering disciplines in the following eight databases: IEEE Xplore@ Digital Library, Inspec, Scopus, Compendex, BIOSIS Previews, Cochrane Library, CINAHL/EBESCO and PubMed. A key word strategy was applied, which was developed progressively by two members of the research team (FJST and SB) and was approved by a third member of the research team (SH). The following terms were used: fall detection, fall, aged, old, senior, elder\*, monitoring, device, system, sensor, fall risk assessment, fall prevention, gait assessment. These terms were combined with the Boolean operators AND, OR, or NOT. An additional search of reference lists of articles fulfilling the inclusion criteria was carried out.

Stage 3: Study selection {#Sec4}
------------------------

Literature published in English, French or German within the last ten years (2004--2014) was retrieved in order to reflect the recent research trends. The time limit was chosen due to the visible evolvement of technology during this period. Moreover, according to the literature, there is an evolving body of knowledge regarding user-involvement in the development of health-related technologies in the last ten years. Articles were eligible for inclusion if they: 1) focused on either development, testing and/or evaluation regarding a fall detection system; 2) included in their study at least one older person who was involved in the development or who was a target person to test or to evaluate the system; 3) the older person was 65 years of age and older, or was defined as "older". Records were identified, duplicates removed, titles screened, abstracts examined and the remaining full-texts assessed for eligibility. The assessment of titles and abstracts was carried out independently by two reviewers (FJST, BH). There were few discrepancies. The first reviewer assessed all full-text articles for eligibility and 20 % of the retained full-text articles were assessed by the second reviewer independently. The first reviewer (FJST) randomly selected the full-text articles for the second reviewer (BH). Differences in the article screening and selection process were solved by consensus. Only one article was discussed with a third reviewer (SB) due to a lack of consensus concerning eligibility.

Currently, reporting guidelines for scoping reviews do not exist \[[@CR44]\]. Therefore, in accordance to the recommendation of Pham et al. \[[@CR44]\], the Preferred Reporting Items for Systematic Reviews and Meta-Analysis \[[@CR45]\] was used to report the flow of articles from identification to final inclusion.

Stage 4: Charting the data {#Sec5}
--------------------------

A data charting form was iteratively developed focusing on themes relevant to the research question and was based on the following: author (s), year, title, country, publication type, design, aim, type of fall detection system, fall detection alert, placement of system, methodology (narrative description of user involvement in the development/testing/evaluation), sample size, sample characteristics and setting. The first draft of the data charting form was tested independently on 20 % of a second random reselection of articles by two researchers (FJST, BH). After critical comparison of these results, discrepancies were resolved through discussion. Subsequently, the revised data charting form was critically discussed and jointly approved by the research team. The charting form was then applied to all included articles in order to narratively extract the data. In studies containing a mixed population (participants under 65 years as well as 65 years and older), only data related to older people was extracted, and only with those who involved a target person in the development, testing and/or evaluation of a fall detection system.

Stage 5: Collating, summarizing and reporting the results {#Sec6}
---------------------------------------------------------

The charted findings were numerically and thematically \[[@CR46]\] analysed and then summarized from a descriptive perspective. Absolute frequencies were calculated for the numerical description of the nature and extend of literature. The following themes were identified, describing the nature (A.-B.) and extend (C.) of the literature:A.*General aspects of literature involving older people*: Author (s) year, country, design, type of fall detection system (wearable system - e.g. body-worn sensors; or environmental systems - e.g. infrared sensors or camera) fall detection alert, sample size, mean age in years, gender of involved older people and length of test time.B.*Descriptive characteristics of the involved older people*: age gender, height and/or weight and/or BMI, state of health, fall risk (no risk, at risk, at high risk), fear of falling and fall history (with, without).C.Focus involvement and stage (s) of involvement of older people:

Focus of involvement:i.Involvement of older people for technical aspects such as simulation or performance of either *scripted activities of daily living* (*ADL*), which signifies that study participants had to perform a series of ADL (sitting down or walking), or of *everyday life activities*, which signifies that study participants had to perform as usual their activities of daily living during the testing stage of a fall detection system.ii.Involvement of older people to investigate their views on fall detection systems.

Stage (s) of involvementᅟThe framework of user involvement in the development of medical device technology according to Shah et al. \[[@CR33]\] was used to define the stages of user involvement in each article:IIdea generation and concept developmentIIDevice (re-) design and prototype developmentIIIPrototype testing involving in-house and trials in the real fieldIVDevice deployment in the market and user feedback

In order to test the process of stage five, 20 % of the articles from a third random selection were analysed and summarized independently by the first and second reviewer (FJST, BH). After critical comparison of these results, discrepancies were resolved through discussion. Afterwards, all included articles were analysed and summarized by the first reviewer. This result was subsequently critically discussed and jointly approved by the research team.

This scoping review is part of a research project, which was approved by the Ethical Committee of the Canton of Bern (Z020/2014).

Results {#Sec8}
=======

After the selection process, as displayed in Fig. [1](#Fig1){ref-type="fig"}, a total of 53 studies was included from the original 1633 potential relevant records \[[@CR47]--[@CR99]\].Fig. 1Flow chart of study selection \[[@CR45]\]

The findings relevant to the research question are summarized in the following three tables: nature of literature - Additional file [1](#MOESM1){ref-type="media"}: Table S1 and Additional file [2](#MOESM2){ref-type="media"}: Table S2 and extent of literature - Additional file [3](#MOESM3){ref-type="media"}: Table S3.A.General aspects of the literatureAdditional file [1](#MOESM1){ref-type="media"}: Table S1 presents the general aspects of the analysed literature involving older people in the development, testing and/or evaluation of fall detection systems. Researchers from four continents have carried out studies involving older people in the development, testing and/or evaluation of fall detection systems, although most of this research has been conducted in Europe (see Additional file [1](#MOESM1){ref-type="media"}: Table S1). 37 studies focused on wearable systems, ten on environmental systems, four on both and two on fall detection systems amongst other technologies (e.g. general event reminder or monitoring of physiological parameters) (see Additional file [1](#MOESM1){ref-type="media"}: Table S1).The sample size in the included studies varied. In more than three-fourths (n = 47) of the studies, the sample size ranged from one to 35 older people. In five studies the sample size was not clearly stated and in one study it included a sample of 97 older people.The length of test time in which older people were involved in the respective studies was reported in 20 articles, and it ranged from 40 minutes to several hours, days, weeks until 1.5 years (see Additional file [1](#MOESM1){ref-type="media"}: Table S1). In nearly half of the studies (n = 25), it was not stated and in eight studies this criterion was not applicable due to the study design.B.Descriptive characteristics of the involved older peopleInformation regarding the age of the involved older people was reported in 45 studies (see Additional file [2](#MOESM2){ref-type="media"}: Table S2). Eight studies characterised their sample by describing them as old or elderly people. 27 articles displayed information about the gender of the study participants (see Additional file [2](#MOESM2){ref-type="media"}: Table S2). In nine studies the involved older people were described as healthy. In 14 studies fall risk, fear of falling and/or fall history was assessed (see Additional file [2](#MOESM2){ref-type="media"}: Table S2).C.Focus and stage (s) of involvementAdditional file [3](#MOESM3){ref-type="media"}: Table S3 shows the findings regarding the focus of involvement, distinguishing between the technical aspects and the views of the older people as well as defining the stage (s) of involvement of the older people.

Focus of involvement {#Sec9}
--------------------

i.Technical aspectsNearly three-fourths (n = 38) of the included studies solely examined the technical aspects of fall detection systems, without involving the views of older persons (see Additional file [3](#MOESM3){ref-type="media"}: Table S3). Five studies investigated both the technical aspects and the views of the older people in the context of fall detection systems.Regarding the settings of involvement of older people, most studies were (n = 12) carried out in the home environment, followed by the nursing home and the hospital setting (see Additional file [3](#MOESM3){ref-type="media"}: Table S3). Five studies reported the laboratory environment as the setting of involvement for older people. In three studies, older people were involved in more than one setting and eleven studies did not clearly state the setting of involvement (see Additional file [3](#MOESM3){ref-type="media"}: Table S3).During their involvement, in order to develop a valid and reliable fall detection algorithm, older people were invited to simulate *scripted ADL* and/or to perform *everyday life activities* (see method section). Most frequently (n = 22) they simulated *scripted ADL* and in six studies older people simulated both *scripted ADL* and performed *everyday life activities* (see Additional file [3](#MOESM3){ref-type="media"}: Table S3).ii.Views of older peopleTen studies focused solely on the views of older persons related to the fall detection system under development. Aspects of their examinations were, for example, usability, perceptions of usefulness, concerns associated with usage, attractiveness or wearing comfort. Their views were investigated in 15 studies utilizing focus group interviews, single interviews and/or questionnaires. The focus group interviews were carried out both with and without a fall detection system prototype and both with and without visual material showing fall detection systems or fall scenarios (see Additional file [3](#MOESM3){ref-type="media"}: Table S3).

Stage (s) of involvement {#Sec10}
------------------------

Older people were involved in all four of the following stages of development and testing of a fall detection system: In three studies - stage I, in 18 studies - stage II, in 28 studies - stage III and in one study - stage IV. In three studies, older people were involved in two stages; stages II and III (see Additional file [3](#MOESM3){ref-type="media"}: Table S3). According to the analysed literature, there was no study reporting on the development of a fall detection system which involved older people in three of the four stages, nor in all four stages.

A comparison of the included studies showed that six research groups \[[@CR51]--[@CR58], [@CR73], [@CR74], [@CR76], [@CR77], [@CR94], [@CR95], [@CR97], [@CR98]\] published several articles referring to results either from stage II or stage III of development without reporting on the examination of the view of involved older people regarding the fall detection system under development (see Additional file [3](#MOESM3){ref-type="media"}: Table S3). Quagliarella et al. \[[@CR86], [@CR87]\] published two articles referring to results from the same fall detection system; once from stage II and once from stage III, however without reporting on the examination of the view of the involved older people.

Discussion {#Sec11}
==========

This scoping review shows that older people are predominantly involved in the design and testing stages of fall detection systems under development, with a strong focus on the technical aspects. Most of this research was carried out in Europe with the majority of the studies targeting the development of wearable fall detection systems. Information regarding the older people involved was in general limited to age and gender.

This scant description of the study participants is noteworthy, given that older people are a heterogeneous age group \[[@CR100]\]. In regards to fall detection systems, characteristics of the target users, such as risk of falling, history of falls or fear of falling, might influence the needs and expectations of older people \[[@CR101]\]. Moreover, the functional and cognitive status of older people might affect their handling and, therefore, their acceptance of the technology. Aging is linked to a change of cognitive abilities and cognitive impairment may hinder the use of a fall detection system \[[@CR102]\]. Considering the cognitive abilities of the target group might enhance the development of a fall detection system which is also easy for people with an impaired cognitive status to learn and to use. On the other hand, it might be considered that carers of cognitively impaired people should also be involved in the development of a fall detection system.

However, it seems that the scant description is in accordance with the predominant involvement of older people in the technical aspects of the design and testing stages. It might be argued that for the technical aspects of a fall detection system under development, study participants' information such as age, gender or BMI is sufficient. Nevertheless, Shah and Robinson \[[@CR103]\] indicated that specific information concerning the targeted users is relevant, because different users employ the same technology in different settings and contexts. This argument is confirmed by Kaufman et al. \[[@CR104]\] in their evaluation of a telemedicine system. They reported that even if users are a part of the same setting or age group, they differ considerably in terms of knowledge, competencies, need for social help, health status or self-efficacy.

This scoping review also revealed that if older people were involved, it occurred mostly in their home setting, which is congruent with the idea that the development and validation of fall detection systems should be carried out with the target group in their «real-world», and not only in laboratory settings \[[@CR25], [@CR40]\]. Reliable and valid fall detection and alert systems are a very important aspect. Several researchers stressed that developing a fall detection system based on falls from the real-world might minimize the rate of false positive and false negative alarms \[[@CR105], [@CR106]\]. Consequently, the involvement of older people in stages two and/or three, as well as in their real-world setting, seems to be very important in ensuring valid and reliable fall detection systems. Nevertheless, user involvement primarily aims to investigate needs and requirements promoting the daily use of fall detection systems \[[@CR25], [@CR35]\].

This scoping review also revealed that older people's views regarding fall detection systems were scarcely used. The reasons for this could be the higher costs or difficulties in accessing the targeted users \[[@CR39]\]. Shah et al. \[[@CR38]\] specified that minimal user involvement might originate from issues in confidentiality, (e.g. patent application) in terms of bringing technology into the market or due to limited experience of user involvement in the research group. Moreover, knowing the views (e.g., needs or preferences) of users might be challenging for a research team. According to the view of users, the design of a product or a system should then be adapted \[[@CR39]\]. However, there could be gap between the users' views and the technical, product or design solutions \[[@CR34]\]. The disaccord is that user involvement might be challenging and depends upon research resources. Hence, it seems important to carry out user involvement if there are «real» possibilities for users in influencing design or solutions of a fall detection system. If not, it is conceivable that user involvement might generate legitimate cost concerns, as well create frustration with the involved users due to their views not being considered in the further development of the fall detection system.

Older people were involved in all four stages of fall detection system development. However, their involvement was mostly limited to the design and testing stages. As discussed, the older target users were hardly involved in the beginning and end stages of the development process. Additionally, older people were minimally involved in several other stages of development and no article described involvement exceeding two stages of development. Hence, due to the predominant involvement in the prototype design and testing stages, it is logical that technical aspects of the fall detection system under development are at the forefront. However, the involvement of the target users in all stages of development is associated with several advantages \[[@CR38], [@CR39]\]. Involvement of target users beginning in the first stage fosters their influence in the concept development of the fall detection system and thus avoids additional cost in later stages due to redesign issues. User involvement from the first stage onward may improve the level of acceptance of fall detection systems by older people due to the early focus on their views (e.g., needs, preferences or requirements) including the practical aspects of daily living. Furthermore, it could be considered that user feedback also in the last stage is important in order to identify any aspects that are lacking. These aspects may not be completely related to technical issues and it is conceivable that support or coaching services, e.g. from health care providers, would help to enable older people in long-term usage of fall detection systems in daily life. Moreover, the fourth stage may provide ideas, due to recurrent needs of target users, for the further development of fall detection systems such as combining them with additional features (e.g. capturing mobility patterns or physiological parameters). This would signify that the involved older people would «truly» have the possibility to enhance the meaningful use of fall detection system in daily life.

The literature scrutinized in this scoping review illustrated that there is not yet widespread involvement of older people from the beginning until the last stage of development. It also revealed that it is not yet common practice to investigate older peoples' views regarding fall detection systems under development. User involvement can be interpreted in different ways. According to Kujala \[[@CR107]\] and Damodoran \[[@CR108]\], the user may be involved for providing information (informative), for comments about a predefined matter (consultative) or for influencing decision making regarding a system under development (participative). It seems that apart from the stages and methods of involvement, it should also be considered whether users be involved in an informative, consultative or a participative way. In the context of fall detection systems, the participative way would best facilitate older people to influence the decision making process as it necessitates capturing their views, needs, preferences, requirements or issues of the practical usage of fall detection systems in daily life.

Strengths and limitations {#Sec12}
-------------------------

This scoping review applied a rigorous and transparent methodology throughout the five recommended steps of the framework from Arksey and O'Malley \[[@CR43]\]. In order to ensure that the research question was explored in breadth, literature was searched in eight data bases across different disciplines. Although relevant published articles may have been omitted, for instance, due to the limitation of articles written in English, German and French, references from the selected articles did not indicate any other important studies.

Scoping reviews have been criticised for lacking methodological details during stage five, with *collating*, *summarizing and reporting the results* of the framework \[[@CR109]\]. Therefore, this scoping review transparently described, utilizing the thematical analysis approach \[[@CR46]\], how stage five was conducted.

The validation of the applied framework of Shah et al. \[[@CR33]\], describing the four stages of health-related technology development is still missing, according to the authors. However, due to the health related context of technologies as well the clear description of each stage, this framework was considered and shown to be suitable for the underlying study.

Conclusions {#Sec13}
===========

This scoping review reveals that older people were predominantly involved in the *design and testing of* fall detection systems, which denotes that the focus was on the technical aspects in the development of fall detection algorithms. In the development and use of fall detection systems, little attention has been given to the views, needs, preferences or practical aspects of usefulness in daily life of the older people themselves. This may be an important factor in explaining, in general, the minimal and often faulty use of fall detection systems in the daily lives of older people.

A more «need-driven» rather than «technology-driven» approach in the development of fall detection systems is necessary. Therefore, future research also needs to involve older people more in *idea generation and concept development* as well as in *device deployment and market and user feedback*. Future involvement should consider a more participative way to capture the views, needs, preferences, requirements or issues for the practical use of fall detection systems in the daily lives of older people. This may positively influence the daily usage and acceptance of fall detection systems in community-dwelling older people.
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================
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